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A. INTRODUCTION

by Robert B. Finkelman U. S. Geological Survey, Reston, Virginia and George N.
Breit, U. S. Geological Survey, Denver, Colorado

The U.S. Geological Survey, the Kentucky Geological Survey, and the Kentucky Center for
Applied Energy Research are conducting a multi-disciplinary study of the physical and chemical
properties of solid coal-combustion waste products. The purpose of the project is to provide
comprehensive and accurate physical and chemical characterization of these waste materials.
Included in the investigation are studies of how the waste materials may interact with the
environment. Results of the environmental studies are intended to enhance objective assessments
of the environmental impact of these materials.

Figure A1 is a schematic of the project organization, some of the analytical techniques applied to
the samples, and references to relevant sections of this report. Materials collected as part of the
study include samples of feed coal, bottom ash, fly ash, limestone, flue-gas-desulfurization
sludge, and waste-pond slurry. With the full cooperation of the power plant operator these
materials were collected monthly for two years from two subunits (unit 1 and unit 3) of the
power plant. Unit 1 burns relatively high-sulfur coal from the Illinois and Appalachian basins.
This unit was equipped with a limestone slurry flue-gas desulfurization (FGD) circuit during our
sampling. Unit 3 burns low-sulfur coal from the central Appalachian basin.

Background

In March 1994 the U.S. Geological Survey (USGS) contacted the Kentucky Geological Survey
(KGS) for the purpose of setting up a cooperative research program on trace elements in coal and
coal waste products. On April 4, 1994 Cortland Eble of the KGS contacted the cooperating
utility. A sampling plan was developed and approved by the operator. Sample collection at the
power plant commenced in July 1994 and continued on a monthly basis through June 1996.

Project Objectives
The power plant samples presented us with opportunities to achieve the following goals.
* Determine the concentration, distribution, and modes of occurrence of trace elements in the
high-volume combustion waste products.
* Observe temporal variation in the properties of high-volume combustion waste products with
respect to temporal variations in the properties of the feed coal.
* Document differences in the behavior of elements between units burning high-sulfur and
low-sulfur coals.

* Observe the effects on trace element distribution caused by the installation of an FGD system
on unit 1.

* Determine the mineralogy, magnetic properties, isotopic composition, organic chemistry, and
radionuclide content of selected samples.

Purpose of this Report

This report is a summary of what was accomplished during the first year of the project. The
information is conveyed in the following series of short contributions prepared by project
researchers. Results presented in this report are for the samples collected during the first 4 to 12
months of sampling. The report contains preliminary data and interpretations and does not reflect
the final analysis of any of the participating researchers or their organizations.
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Figure Al. Diagram of sample and data flow for characterization of sampled coal, fly ash,
bottom ash and flue gas desulfurization sludge. Letters in parentheses identify
relevant sections of this volume. [KY CAER, Center for Applied Energy Research,
Lexington, Kentucky; XRF, x-ray fluorescence; SEM, scanning electron microscope;

TEM, transmission electron microscope; XRD, x-ray diffraction; FGD, flue gas
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B. SAMPLE COLLECTION PROCEDURE
by Cortland F. Eble, Kentucky Geological Survey, Lexington, Kentucky

This section describes the sampling procedures used at the power plant to collect feed coal,
fly ash, bottom ash, flue-gas-desulfurization (FGD) sludge, limestone for the FGD unit
and solids from the disposal pond. Along with the sampling procedures, a brief
description of the operation of the power plant is included to put sample collection in the
context of plant operations. In most cases, ideal methods of sampling could not be used
because of limitations within the power plant, and resources to handle large amounts of
material were not available. Splits of samples provided to members of the project are the
basis of the subsequent sections of this volume.

Coal

Coal is transferred from a storage yard to the power plant by a conveyor belt at a rate
depending on the needs of the furnace. The coal is then stored in a holding silo that
overlies a gravimetric feeder. Each furnace has six holding silos. Coal brought to the silos
has a maximum dimension between 5 and 8 centimeters, although most of it is less than 10
mesh (< 2 mm). The coal is then demand fed from the silos through the gravimetric
feeders into pulverizers. The pulverizers are ball mills that grind the coal to less than 200
mesh (<250 um). The pulverized coal is then injected with preheated air into the furnaces.
Heat from the resulting fireball (internal furnace temperature >2600 degrees F) converts
water contained in a network of pipes in the furnace walls into steam. The steam moves
through a turbine that drives the electric generator.

With the help of power plant staff, coal samples were collected from portals on the
gravimetric feeders of unit 1 (moderate-high-sulfur coal) and unit 3 (low-sulfur coal) (Fig.
B1). For the first four samplings (July - October 1994), 5 to 7 kg of coal was collected in
a single collection. Beginning in November 1994 samples consisted of 4 feed-coal splits
from each unit, collected over a period of 5 to 6 hours. Each split is processed separately
with a composite prepared by mixing equal amounts of the four splits. The four feed-coal
splits were intended to provide information on the variability in feed coal composition
during the sample period.

The sampling scheme used to collect the coal samples does not conform to ASTM
standards. Although ASTM does not have a test method specific to sampling coal fed into
a power plant, they do have one for the collection of a gross sample of coal (D-2234). If
followed, the test method would require collection of a 15 pound sample of coal, a
minimum of 35 times, for each unit (70 samples total). This translates into collecting 1,050
pounds of coal (15 pounds of coal collected every 8.5 minutes over a period of 5 hours)
per visit. Logistically, this is impractical.

Fly Ash

Fly ash is composed mainly of small particles of noncombustible constituents of the coal.
These particles are transported in the exhaust gas that leaves the furnace following
combustion. At the power plant sampled, approximately 90% of the fly ash is removed
from the exhaust gas by electrostatic precipitators. The electrostatic precipitators at unit 3
remove the fly ash before the exhaust gas passes through the heat exchangers. The heat
exchangers transfer heat from the exhaust gas to the air blown into the furnace with the
pulverized coal. Precipitators upstream of the heat exchangers are referred to as “hot-side”
collectors; those downstream are identified as “cold-side” collectors. These designations

are based on the relative temperature of the exhaust gas which is typically 800° F for host-
side and near 250° F for cold-side collectors.
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Two samples of fly ash are collected at unit 3. These are designated as "coarse-side” and
"fine-side” and are collected from two parallel banks of hoppers underneath the electrostatic
precipitators. The coarse-side is a bank of 8 hoppers closest to the flue gas entry point.
The fine-side hopper bank of 8 hoppers is separated from the coarse-side by about 10 feet.
As the exhaust gas passes through the electrostatic precipitators larger particles drop out
first and are collected in the first bank of collectors. Farther along the path through the
precipitators smaller particles are collected and drop down into the second bank of hoppers.
Separate samples of fly ash were collected from each bank of the hoppers.

Unit 1 has a different configuration with respect to the electrostatic precipitator. The
electrostatic precipitator on unit 1 is a cold-side collector. Fly ash in Unit 1 was collected in
a single bank of hoppers.

Conveyor Belt (brings coal into plant)

>

" direction coal travels

Holding Silo
—_—

50 ft. -

Sampling portal
piing p

Gravimetric Feeder (6 per funace)

IB

-200 mesh coal
air-injected
into furnace

30 ft.

-

Figure B1. Schematic of coal movement and sampling point at the power plant.

Bottom Ash

Some noncombustible components of the coal fall to the bottom of the furnace where they
are collected as bottom ash. Bottom ash is removed from the furnace once a shift (every 8
hours), which involves crushing the solids to about 4 mesh (<5 mm), and sending it out to
the ash pond on a water train. The bottom ash collected in this study was gathered from the
water train. Although interaction with the water may modify the ash, the water train
offered the only accessible sampling point. To collect the bottom ash, we use a bucket with
the bottom cut out, and a nylon mesh screen secured over the top. Bottom ash for many of
the monthly collections was collected from unit 4 instead of unit 3 because a valve required
for sampling unit 3 was not functioning. Unit 4 was chosen as an alternative for bottom
ash sampling because the coal used in this furnace and its combustion design are identical
to that of unit 3. Typically, 5 to 10 Kg of bottom ash are collected from each unit.

11



Limestone and Flue-Gas Desulfurization Sludge Samples

During November 1994 a wet limestone flue-gas desulfurization (FGD) circuit began
operation on unit 1. Limestone for the scrubber is stockpiled in an open-air mound. We
collected the limestone by scraping away the weathered surface material at four to five
locations on the mound. In the power plant, the limestone is ground and mixed with water
to create a slurry that is mixed with the flue gas in large reaction tanks. Four quarts of the
raw limestone slurry are collected monthly along with two quarts of the FGD sludge from
each of two functioning reaction tanks. The samples are filtered in the laboratory to
separate the limestone and FGD solids from the liquid.

Pond Slurry

In March 1995, samples of a waste pond slurry were collected. This material was collected
from the active slurry pond that is used to collect solid wastes from the plant. A shovel
was used to clear off the upper few centimeters of the slurry material then several kilograms
of material was collected into plastic pails.

Sample Numbering Scheme

The sample numbering scheme used in this report has the following form: 1G1FC10
The first number (1) refers to the sample set. Number 1 is for the first sample set collected
in July 1994. Number 2 would represent the second sample set collected in August 1994,
etc. The next two characters (G1) denote the power plant and unit. G1 represents unit 1
(the unit using high-sulfur coal). G3 represents unit 3 (the unit burning low-sulfur coal).
The next two characters (FC) denote the sample type. FC stands for feed coal, BA for
bottom ash, and FA for fly ash. The final characters (10) denote mesh size of the sample
fraction. In this case, 10 stands for 10 mesh, 20 would stand for 20 mesh.

12



C. KENTUCKY GEOLOGICAL SURVEY PRELIMINARY ANALYTICAL
RESULTS ON FEED COAL, FLY ASH AND BOTTOM ASH

by Cortland F. Eble, Kentucky Geological Survey, Lexington, Kentucky

Samples collected from the power plant were analyzed in the laboratories of the Kentucky
Geological Survey. Measured parameters include proximal and ultimate analysis of the
coal, sulfur in all materials, and x-ray fluorescence to determine contents of major and
minor inorganic constituents. A summary of the analytical results is presented below.

Raw Coal

Results of standard methods of coal analysis on samples collected from July 1994 through
April 1995, are shown in Tables C1 and C2. There are no unit 1 samples for September
1994 and April 1995 because the unit was off-line to perform routine maintenance.
Likewise, samples were collected from unit 4 during April 1995 because unit 3 was off-
line. Unit 4 is identical in design and in the source of coal. Analytical results indicate that
the composition of the feed coal was relatively constant during the study period; this is
especially true for unit 3.

Selection of coal for combustion is commonly dependent on several characteristics
including calorific value, sulfur content and ash fusion temperature. Calorific values for
unit 1 feed coal vary between 12,272 and 13,989 BTU/Ib. This variability is attributed to
the multiple sources of coal used in unit 1. Unit 3 feed coal has a small range of heating
values from 13,263 to 13,904 BTU/Ib, with an average of 13,603 BTU/Ib. Total sulfur
contents for unit 3 vary between 0.66% and 0.92% averaging 0.74%. Unit 1 sulfur
contents average 2.97% and are a bit more variable, ranging from 2.53 to 3.51%. This
reflects the higher pounds SO, / million BTU limit of unit 1 (5.67 Ibs SO,/ MM BTU),
compared to units 3 and 4, which have limits of 1.2 Ibs SO,/ MM BTU.

Consistent with the differing sulfur contents of the feed coals, compliance sulfur values,
(which are derived by the formula, total sulfur content times 19,500 / BTU) are more
variable for unit 1 than unit 3. Compliance sulfur for unit 1 varies between 3.52 and 5.48
lbs SO,/ MM BTU (average 4.4 Ibs SO,/ MM BTU), whereas compliance sulfur for unit
1 varies only between 0.96 and 1.34 1bs SO, / MM BTU (average 1.05 Ibs SO,/ MM
BTU). These data are most likely a function of unit 1 being able to burn moderate to high-
sulfur coal from both the Appalachian Basin (higher rank), and the Illinois Basin (lower
rank). Units 3 and 4, in contrast, are exclusively burning low-sulfur, high-rank
Appalachian Basin coal.

Final ash fusion temperatures for unit 1 average 2335° F, with a range of 2146 to 2532 °F,
whereas unit 3 has an average final ash fusion temperature of 2928° F, and this temperature
is more tightly constrained (range of 2810 and 3000° F). These numbers reflect the higher

iron concentrations in unit 1 coal. High iron tends to lower the ash fusion temperature.

Coal Ash

Prior to analysis by x-ray fluorescence, coal samples were ashed. Results of the x-ray
fluorescence analysis of coal ash are presented in Tables C3 and C4. Silicon and aluminum
are the most abundant constituents of the ash from both units. Components that are more
abundant in the unit 1 coal ash, relative to the unit 3 coal ash, include CaO, Fe,0,, MgO,
SO,, Na,0 and Mn. Element oxides that are more abundant in the unit 3 coal ash, relative
to the unit 1 coal ash include SiO,, Al,O,, K,0 and TiO,.

13



Table C1

. Summary of standard analytical parameters for unit 1 feed coal (n = 8). (Vol.
Mat - volatile matter; F. Carbon - fixed carbon; Comp S - compliance sulfur)

Moisture Vol. Mat Ash F. Carbon Sulfur Calorific  Comp S
(wt.%) (wt. %) (wt.%) (Wt.%) (wt.%) Value Ibs/MM
BTU/b BTU
Average 2.89 37.87 9.5 52.6 2.97 13,235 4.40
Maximum 7.89 40.25 11.8 55.1 3.51 13,989 5.48
Minimum 0.83 36.76 7.9 50.5 2.53 12,272 3.53
Table C2. Summary of standard analytical parameters for unit 3 feed coal (n = 10). (Vol.
Mat - volatile matter; F. Carbon - fixed carbon; Comp S - compliance sulfur)
Moisture ~ Vol. Mat Ash F. Carbon Sulfur Calorific  Comp S
(wt.%) (wt.%) (wt. %) (wt.%) (wt.%) Value Ibs/MM
BTU/Ib BTU
Average 1.94 34.96 8.6 56.5 0.75 13,603 1.05
Maximum 2.91 36.54 10.1 58.1 0.92 13,904 1.34
Minimum 0.64 32.83 7.2 552 0.66 13,263 0.96
Table C3. Summary of x-ray fluorescence data for unit 1 feed coal ash (n = 8). Element
abundances are reported as weight percent on an ash basis, except for Mn,
which is reported as parts per million. (Avg., average; Max., maximum; Min.,
minimum).
ALO, SiO, PO, KO CaO NaO TiO, Fe, 00 MgO SO, Mn SrO
Avg. 21.8 45.5 0.27 1.78 3.57 0.45 1.07 19.7 0.86 3.62 288 0.14
Max. 24.9 47.6 0.63 2.28 6.46 0.88 1.16 24.2 0.95 6.05 491 0.18
Min. 19.4 42.8 0.09 1.3 0.83 0.06 0.86 15.6 0.57 0.91 188 0.11
Table C4. Summary of x-ray fluorescence data for unit 3 feed coal ash (n = 10). Element
abundances are reported as weight percent on an ash basis, except for Mn,
which is reported as parts per million. (Avg., average; Max., maximum; Min.,
minimum).
ALO, Si0O, PO, KO CaO NaO TiO, Fe0, MgO SO, Mn StO
Avg. 30.4 58.3 0.22 2.53 1.39 0.28 1.58 4.5 1.01 1.23 152 0.14
Max. 32.8 61.7 0.39 3.11 1.8 0.35 1.98 6.19 1.27 1.89 201 0.16
Min. 28.7 54.6 0.12 1.86 0.87 0.22 1.3 2.57 0.61 0.55 63 0.1
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Fly Ash

The total carbon and total sulfur contents of fly ash are summarized in Table C5. Both fly
ashes from unit 1 and 3 are low in total carbon and total sulfur. Xx-ray fluorescence results
are summarized in Tables C6 and C7. Components that are more abundant in unit 1 fly ash
relative to the unit 3 fly ash, include CaO, Fe,0,, Na,0O, SO,, and Mn. Element oxides that
are more abundant in the unit 3 coal ash, relative to the unit 1 coal ash, include Al,0,, SiO,,

K,O and TiO,. Overall, the differences in the composition of the fly ash are similar to
differences detected in the feed coal ash.

Table C5. Summary of total carbon and total sulfur content of fly ash.

Unit 1 Unit 3
Total Carbon Total Sulfur Total Carbon Total Sulfur
wt.% wt.% wt.% wt. %
Average 1.52 0.39 2.74 0.25
Maximum 3.09 0.48 4.85 0.92
Minimum 0.78 0.29 0.42 0.07

Table C6. Summary of x-ray fluorescence data for unit 1 fly ash (n = 8). Element
abundances are reported as weight percent on an ash basis, except for Mn,
which is reported as parts per million. (Avg., average; Max., maximum; Min.,
minimum).

ALO;  SiO, P,O;, K, O CaO NaO TiO, Fe,0, MgO SO; Mn SO

Avg. 22.4 475 0.27 193  3.66 0.31 1.11 19.4 1.01 075 302 0.11
Max. 23.1 49.3 037 216 4.22 0.51 1.16 21.5 1.27 096 401 0.11
Min. 21.6 459 0.17 1.58 2.81 0.1 1.06 17.5 061 043 203 0.1

Table C7. Summary of X-ray fluorescence data for unit 3 fly ash (n = 10). Element
abundances are reported as weight percent on an ash basis, except for Mn,

which is reported as parts per million. (Avg., average; Max., maximum; Min.,
minimum).

ALO, SiO, PO, KO CaO NaO TiO, Fe,0, MgO SO, Mn StO
Avg. | 3005 578 021 263 127 028 157 43 092 013 209 0.16
Max. | 3143 611 032 311 16 03 172 501 114 033 332 0.16

Min. 28.8 55.5 0.12 203 082 0.26 1.44 2.96 0.6 005 136 0.16

Bottom Ash

A summary of the total carbon and total sulfur contents of bottom ash samples are shown in
Table C8. Compared to the fly ash, there is more variability in total carbon and total sulfur
in the bottom ash samples. As it is doubtful that much carbon and pyrite survive in the
combustion furnace, the occasional high carbon and sulfur values may be a function of
pulverizer reject material from the pyrite storage tanks being introduced into the ash slurry
line “upstream” from where we collect the bottom ash. Visual examination of the bottom
ash detected pyrite. The presence of pyrite must be considered when evaluating the

15




composition of bottom ash in the context of the original feed coal. Not all of the material in
the bottom ash is a residue of furnace conditions.

Summary x-ray fluorescence results for the bottom ash samples are shown in Tables C9
and C10. Like the coal ash and fly ash samples, the bottom ash from units 1 and 3
composed mainly of Al,O, and SiO,. CaO and Fe,O, are more abundant in unit 1 bottom
ash than bottom ash from unit 3 and 4. Conversely, K,O, TiO, and Mn are more abundant
in the unit 3 bottom ash

Table C8. Summary of total carbon and total sulfur content of bottom ash.

Unit 1 Unit 3
Total Carbon Total Sulfur Total Carbon Total Sulfur
wt.% wt. % wt.% wt. %
Average 2.22 0.07 3.79 0.82
Maximum 6.9 0.15 16.8 3.02
Minimum 0.5 0.01 0.29 0.01

Table C9. Summary of x-ray fluorescence data for unit 1 bottom ash (n = 8). Element
abundances are reported as weight percent on an ash basis, except for Mn,
which is reported as parts per million. (Avg., average; Max., maximum; Min.,

minimum)
ALO, Si0O, PO, KO CaO NaO TiO, Fe,0, MgO SO, Mn SO
Avg. 20.9 45.1 019 1.68 3.85 0.23 1.01 24.6 0.81 0.18 354 0.12
Max. 23.0 46.2 0.24 1.85 4.98 0.46 1.06 27.4 0.93 0.43 477 0.12
Min. 19.5 433 0.16 1.56 2.95 0 0.91 21.9 0.66 0.06 186 0.12
Table C10. Summary of x-ray fluorescence data for unit 3 bottom ash (n = 10). Element
abundances are reported as weight percent on an ash basis, except for Mn,
which is reported as parts per million. (Avg., average; Max., maximum; Min.,
minimum)
Al,O, Si0, P,0, K,O Ca0O Na,O TiO, Fe,0, MgO SO, Mn SrO
Avg. 26.3 56.1 0.13 2.18 1.2 0.27 1.32 10.5 0.8 0.19 483  0.09
Max. 28.3 61.2 0.2 2.63 2.08 0.32 1.53 25.3 0.96 0.55 716  0.09
Min. 23.1 44.8 0.07 1.8 0.08 0.21 0.92 3.87 0.59 0 333 0.09
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D. THE CHEMICAL COMPOSITION OF FEED COAL, FLY ASH AND
BOTTOM ASH

by Ronald H. Affolter, U.S. Geological Survey, Denver, Colorado

This section summarizes the major-, minor-, and trace-element contents of samples taken as
part of the study of the coal-burning power plant between July 1994 and October 1995.
The material analyzed includes feed coal from units 1 (high-moderate sulfur unit) and 3
(low-sulfur unit), fly ash from unit 1, fine-side and coarse-side fly ash from unit 3, and
bottom ash from units 1 and 3.

Ash yields and the content of major-, minor-, and trace-elements of samples from the
power plant were determined by the U.S. Geological Survey (Denver, Colorado
laboratories). Feed coal samples were ashed at 525 °C prior to analysis. Most elements
were determined by inductively coupled plasma mass spectroscopy (ICP-MS) or
inductively coupled plasma atomic emission spectroscopy (ICP-AES). Selenium
concentrations were determined by instrumental neutron activation analysis (INAA) and
mercury concentrations were determined by cold vapor atomic absorption
spectrophotometry (CV-AAS). The contents of mercury and selenium on feed coal were
determined on sample splits that were not ashed prior to analysis. Forms-of-sulfur were

determined by a commercial laboratory (Geochemical Testing, Inc.) and are reported on a
dry-basis.

Included in each of the summary tables (Tables D1 to D16) are the number of samples,
range of values for each of the measured components, arithmetic means, and standard
deviation. Tables D17 to D20 present a comparison of mean values between feed coal, fly
ash, and bottom ash for selected elements. The element contents are reported to two
significant figures and the forms-of-sulfur data are reported to two decimal places. Element
contents for the feed coal samples are calculated to a whole-coal and ash (as-determined)
basis. Data for the fly ash and bottom ash samples are reported on an as-determined basis.
Figures D1 to D6 show the variation of selected elements in the feed coal, fly ash, and
bottom ash over a fifteen month period.

Some samples have element concentrations that are below the limits of analytical detection.
This results in a censored distribution. To compute unbiased estimates of censored data for
the summary statistics we reduced all values that are less than the analytical detection limit
to be equal to 50% of that limit.

Two bottom ash samples contain high contents of Pb (> 1000 ppm) , and Mn ( >1 wt.%).
These are probably the result of pulverizer discards that bypass the furnace and are added to
the bottom ash samples. These discards probably include pyrite, siderite and galena, as
well as small bolts, gears, nails, etc.

This summary of the data is considered preliminary. An analysis and interpretation of the
data will be prepared upon analysis of the remaining sample sets.
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Table D1. Number of samples, range, arithmetic mean, and standard deviation of ash and
60 elements in the feed coal from unit 1 (whole-coal basis). (All analyses are
in weight percent or parts per million. L, less than value shown. Leaders (--)
indicate statistics could not be calculated owing to an insufficient number of
analyses above the lower detection limit.)

Number of Range Arithmetic Standard

y Sam les Minimum Maximum mean deviation

y Wei ht Percent
Ash 12 8.4 12 10 1
Si 12 1.3 2.3 2 0.32
Al 12 0.89 1.3 1.1 0.13
Ca 12 0.16 0.35 0.26 0.053
Mg 12 0.035 0.054 0.046 0.0059
Na 12 0.018 0.068 0.045 0.015
K 12 0.084 0.19 0.15 0.028
Fe 12 0.88 2 1.5 0.33
Ti 12 0.05 0.067 0.059 0.0049

Parts per million

Ag 10 0.16L 0.36 0.16 0.1
As 10 6.6 26 12 6.1
Au - - - - -
B 12 56 130 86 21
Ba 12 39 78 55 11
Be 12 0.76 25 1.5 0.55
Bi - - - - -
Cd 10 0.068L 1.1 0.36 0.36
Ce 2 13 21 17 5.6
Co 12 2.4 8.9 4.6 1.8
Cr 12 12 21 15 2.6
Cs 10 0.5 1.2 0.84 0.2
Cu 12 6 21 10 4.6
Dy 2 1.4 1.7 1.5 0.18
Er 2 0.7 0.77 0.74 0.049
Eu 2 0.3 0.44 0.37 0.099
Ga 10 34 4.9 4.2 0.62
Gd 2 1 22 1.6 0.85
Ge 10 25 15 7.9 4
Hf 2 0.6 0.66 0.63 0.042
Hg 12 0.02L 0.18 0.068 0.057
Ho 2 0.2 0.33 0.27 0.092
La 2 7 1 9 2.8
Li 12 7.8 18 12 2.8
Mn 12 12 34 25 6.3
Mo 10 0.73 5.7 3.2 1.8
Nb 10 1.7 2.7 2.2 0.33
Nd 2 6 8.8 7.4 2
Ni 12 7.2 42 18 10
P 12 53 230 120 57
Pb 10 4.1 33 11 8.6
Pr 2 1.6 2.4 2 0.58
Rb 10 6 16 9.9 3.4

18



Table D1. (Continued)

Number of Range Arithmetic Standard
Samples Minimum Maximum mean deviation

Sb 10 0.22 1.9 0.87 0.55
Sc 12 2.4 4.3 33 0.51
Se 12 1.7 3.7 2.5 0.62
Sm 2 1.5 2.1 1.8 0.42
Sn 10 0.84L 33 1.3 1.1
Sr 12 34 120 74 28
Ta 2 0.2 0.22 0.21 0.014
Tb 2 0.2 0.22 0.21 0.014
Te - - - - -
Th 12 1.6 2.4 2 0.24
Tl 10 0.17 1.4 0.8 0.38
Tm 2 0.1 0.11 0.11 0.0071
U 10 0.48 5 1.6 1.3
A% 12 18 63 30 12
w 2 0.6 1.1 0.85 0.35
Y 12 3.6 6.7 4.9 0.82
Yb 2 0.6 0.77 0.69 0.12
Zn 12 6.7 85 34 29
Zr 12 14 39 24 7.6

Table D2. Number of samples, range, arithmetic mean, and standard deviation of total
sulfur and forms-of-sulfur in the feed coal from unit 1. (All analyses are in

weight percent and are reported on a dry basis.)

Number of Range Arithmetic Standard

Samples Minimum Maximum mean deviation
Sulfur 4 2.47 3.03 2.81 0.24
Sulfate 4 0.08 0.49 0.30 0.21
Pyritic 4 0.86 1.27 1.07 0.19
_Organic 4 1.29 1.54 1.44 0.11
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Table D3. Number of samples, range, arithmetic mean, and standard deviation of ash and
60 elements in the feed coal from unit 1 (as-determined basis). (All analyses are
in weight percent or parts per million. Hg and Se were determined on whole
coal, all other elements on ashed coal. L, less than value shown. Leaders (--)
indicate statistics could not be calculated owing to an insufficient number of
analyses above the lower detection limit.)

Number of Range Arithmetic Standard
Samples Minimum Maximum mean deviation
Weight Percent
Ash 12 8.4 11.8 10 1
Sio, 12 33 46 42 4.1
ALO;, 12 18 22 21 1.2
CaO 12 2.1 4.8 3.6 0.72
MgO 12 0.64 0.86 0.76 0.068
Na,0 12 0.22 1.1 0.61 0.24
K,0 12 1.2 2.2 1.8 0.26
Fe,0, 12 15 27 21 3.7
TiO, 12 0.86 1.1 0.98 0.068
P,0;4 12 0.12 0.52 0.26 0.12
Parts per million

Ag 10 2L 3.5 2 0.96
As 10 62 240 120 58
Au - - - - -
B 12 520 1500 870 260
Ba 12 420 860 560 150
Be 12 7 23 15 5.4
Bi - - - - -
Cd 10 0.8L 11 3.6 3.6
Ce 2 130 190 160 42
Co 12 29 81 45 17
Cr 12 130 210 150 21
Cs 10 6 11 8.4 1.5
Cu 12 56 190 100 41
Dy 2 14 15 15 0.71
Er 2 7 7 7 0
Eu 2 3 4 3.5 0.71
Ga 10 35 48 42 4
Gd 2 10 20 15 7.1
Ge 10 30 140 80 38
Hf 2 6 6 6 0
Hg 12 0.02L 0.18 0.068 0.057
Ho 2 2 3 2.5 0.71
La 2 70 - 85 21
Li 12 72 160 120 30
Mn 12 140 330 250 57
Mo 10 6.8 57 32 18
Nb 10 20 30 22 4.2
Nd 2 60 80 70 14
Ni 12 73 380 170 97
Pb 10 48 300 110 71
Pr 2 16 22 19 4.2
Rb 10 71 160 99 31
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Table D3. (Continued).

Number of Range Arithmetic Standard
y Sam les Minimum Maximum mean deviation

Sb 10 2 17 8.7 52
Sc 12 28 39 32 3.3
Se 12 1.7 3.7 2.5 0.62
Sm 2 15 19 17 2.8
Sn 10 10L 30 13 10
Sr 12 390 1300 730 290
Ta 2 2 2 2 0
Tb 2 2 2 2 0
Te - - - - -
Th 12 17 22 20 1.5
Tl 10 2 13 8 3.7
Tm 2 1 1 1 0

8) 10 5.7 50 16 13

v 12 190 630 300 120
w 2 6 10 8 2.8
Y 12 39 61 48 75
Yb 2 6 7 6.5 0.71
Zn 12 80 770 340 280
71 12 170 360 240 64
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Table D4. Number of samples, range, arithmetic mean, and standard deviation of ash and
60 elements in the feed coal from unit 3 (whole-coal basis). (All analyses are in
weight percent or parts per million. L, less than value shown. Leaders (--)
indicate statistics could not be calculated owing to an insufficient number of
analyses above the lower detection limit.)

Number of Range Arithmetic Standard
Samples Minimum Maximum mean deviation
Weight Percent
Ash 14 7.7 10 9.1 0.69
Si 14 1.7 3.1 23 0.37
Al 14 1.2 1.8 1.4 0.15
Ca 14 0.049 0.11 0.083 0.019
Mg 14 0.036 0.061 0.047 0.0074
Na 14 0.016 0.047 0.028 0.0069
K 14 0.13 0.19 0.16 0.02
Fe 14 0.18 0.38 0.28 0.057
Ti 14 0.065 0.1 0.086 0.01
Parts per million

Ag 12 0.15L 0.34 0.15 0.091
As 12 2.5 4.7 3.3 0.73
Au 12 0.15 0.8 0.45 0.14
B 14 11 33 23 7.3
Ba 14 62 140 90 22
Be 14 1.8 3 2.4 0.35
Bi 12 0.18L 0.26 0.18 0.048
Cd 12 0.068L 0.11 0.068 0.029
Ce 3 15 27 21 5.9
Co 14 7.2 14 11 2.2
Cr 14 13 24 19 3.1
Cs 12 0.68 1.1 0.83 0.13
Cu 14 16 25 20 2.6
Dy 3 1.5 2.5 1.9 0.53
Er 3 0.84 1.4 1.1 0.29
Eu 3 0.34 0.44 0.4 0.059
Ga 12 5 7.8 6.3 0.88
Gd 3 1.7 2.6 2 0.52
Ge 12 1.5 3 2.1 0.47
Hf 3 0.59 0.88 0.78 0.17
Hg 14 0.02L 0.13 0.034 0.04
Ho 3 0.25 0.44 0.35 0.092
La 3 8.4 14 11 2.8
Li 14 14 24 19 3.2
Mn 14 6.4 20 14 3.9
Mo 12 1.2 2.1 1.6 0.28
Nb 12 2.3 3.5 2.9 0.39
Nd 3 5.9 11 8.4 2.7
Ni 14 12 21 17 2.5
P 14 38 120 71 23
Pb 12 9.2 12 11 0.84
Pr 3 1.8 3.1 2.4 0.69
Rb 12 7.2 18 10 3




Table D4. (Continued).

Number of Range Arithmetic Standard
Samples Minimum Maximum mean deviation

Sb 12 0.59 0.81 0.71 0.07
Sc 14 2.8 4 35 0.39
Se 14 3.2 8.7 5.6 1.8
Sm 3 1.4 2.5 1.9 0.56
Sn 12 0.78L 4.1 1.4 1.3
Sr 14 51 97 72 14
Ta 3 0.17 0.26 0.23 0.055
Tb 3 0.25 0.35 0.29 0.052
Te - - - - -
Th 14 2 3.7 2.9 0.49
Tl 12 0.27 0.45 0.38 0.047
Tm 3 0.084 0.18 0.14 0.053
U 12 1.1 2.3 1.4 0.32
v 14 22 40 32 5.4
w 3 0.67 0.87 0.78 0.1
Y 14 6.9 11 8.7 0.91
Yb 3 0.76 1.3 0.98 0.29
Zn 14 8.7 16 12 2.6
Zr 14 17 35 25 6.5

Table D5. Number of samples, range, arithmetic mean, and standard deviation of total

sulfur and forms-of-sulfur in the feed coal from unit 3. (All analyses are in
weight percent and are reported on a dry basis.)

Number of Range Arithmetic Standard

Samples Minimum Maximum mean deviation
Sulfur 5 0.64 0.83 0.72 0.07
Sulfate 5 0.01 0.03 0.02 0.01
Pyritic 5 0.05 0.13 0.08 0.03
Organic 5 0.54 0.69 0.62 0.06
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Table D6. Number of samples, range, arithmetic mean, and standard deviation of ash and
60 elements in the feed coal from unit 3 (as-determined basis). (All analyses are
in weight percent or parts per million. Hg and Se were determined on whole
coal, all other elements on ashed coal. L, less than value shown. Leaders (--)
indicate statistics could not be calculated owing to an insufficient number of
analyses above the lower detection limit.)

Number of Range Arithmetic Standard
Samples Minimum Maximum mean deviation
Weight Percent
Ash 14 7.7 10.3 9.1 0.69
Si0, 14 38 64 53 6.7
ALO, 14 27 33 30 1.6
CaO 14 0.76 1.7 1.3 0.3
MgO 14 0.68 1.2 0.85 0.16
Na,O 14 0.24 0.61 0.41 0.092
K,0 14 1.8 2.7 2.1 0.27
Fe,0, 14 2.9 6.4 4.4 1
TiO, 14 1.3 1.8 1.6 0.14
P,0, 14 0.09 0.37 0.18 0.069
Parts per million

Ag 12 2L 35 2 0.98
As 12 30 57 37 8.8
Au - - - - -
B 14 110 380 250 83
Ba 14 700 1500 990 260
Be 14 21 33 27 3.7
Bi 12 2L 3 2 0.58
Cd 12 0.8L 1.1 0.8 0.32
Ce 3 180 310 240 66
Co 14 86 160 120 23
Cr 14 160 250 210 26
Cs 12 7.5 12 9.2 1.4
Cu 14 170 260 220 27
Dy 3 18 29 22 5.9
Er 3 10 16 12 3.2
Eu 3 4 5 4.7 0.58
Ga 12 58 80 70 8
Gd 3 20 30 23 5.8
Ge 12 17 31 24 5.1
Hf 3 7 10 9 1.7
Hg 14 0.02L 0.13 0.034 0.04
Ho 3 3 5 4 1
La 3 100 160 130 31
Li 14 140 260 210 35
Mn 14 73 240 150 45
Mo 12 14 22 18 2.7
Nb 12 30 40 32 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>